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© Catalyst for purification of exhaust gas from dlesel engine. 

© A novel catalyst for use in purification of exhaust gases from diesel engines is provided. This catalyst is a 
How-through type honeycomb catalyst having parallel through cells and characterized In that 

(1) its cross-sectional area at the inlet part of an exhaust gas cut by a face vertical to the direction of 
the through cells is 10 to 100 cm 2 , preferably 20 to 80 cm 2 per liter of the displacement of the engine. 

(2) the hydraulic diameter of the through cells is 1.00 to 2.00 mm. preferably 1.10 to 1.40 mm, and 

(3) percentage of open frontal area at the inlet part of the exhaust gas Is 40 to 95 % preferably 50 to 
85%. This catalyst can be one wherein a catalytically active component itself Is extruded into a honeycomb 

^ shape or one wherein a catalytically active component is deposited on a honeycomb carrier. 
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This invention relates to a flow-throuah tvna h„„„ 
in exhaust gases from diesel engines. h °™Vcomb catalyst for purification of harmful components 



[Background Technique] 

In recent years, particulat 



10 



75 



20 



25 



30 



35 



carbonaceous fine particles. sulfur-conSng ^ I* °< ^ 

nno.ecular-weight hydrocarbon fine particles) have ra sad »» particles and liquid or solid hlgh- 

hne part.cles contain harmful components such as carl enw °™°«M and hygienic problem. These 
•ess than , micron in size, and are pron to ia it 96 ™ 0 5 f S,ance * their particles are mosSy 
consideration has therefore been ^^,.^2^ " ™? . to be inha,ed "P°" respiration. Much 
these fine particles from. diesel engines ° S6t n9 ° raus Actions on the discharge of 

been^d^^ fiiter methods have hitherto 

substances by fiitering an exhaust gas from T diesel eno^h T l™*"'' 3 * 3 fine P*™° 

form, wire mash, foamed metal, waif flow ^p ceram te^S2JJ 1? V"* re8l ' 8tant 935 fi,ter < ceram * 
burning the accumulated carbonic fine parties ZTl heaK™ ° f " k8) ' re 9 enera «"g the filter by 
when pressure loss Increased, and repeated usZ °h, 9 meanS SUCh 83 a burner or e '^tric heater 

the combustion and regeneration in i 0 ve me 2*1 IZZT ' ' fneth ° d Wherein ^cuency o 
filter; a method wherein fine particle substances ie b 'LTanrt ^f 05 ^ 9 Cata ' yt ' C sub *ances on the 
composition and temperature), namely without pSicu"^ heaS^o " V" C ° nditi ° nS (9as 

"Iter: etc. pan.cu.ar heating by depositing catalyst substances on the 

accumulation of ash components (ST^^STT ? b '° Ck ' n9 ° f fi,ter 

from the engine oil and cauoht toaath*, „.,», hZ'ZI P nos P n °™ pentoxide. etc.) which are derived 

cataiysts. Therefore, it cannot still be dec. JeJ Itna tLse^Sr mSr^ 51 deteriorati ° n of activity of the 

On the other hand, recently accordinn , n ZV„ . methods are fully satisfactory methods, 
•he one hand content of the fine ^^EL^^SLS *"« *?°™ S - *™ <* a ^dency that on 
on the other hand rate of SOF (components SSa fn n^ ? aS9S ^ dieS9 ' en9ines is reduc *d. but 

m the fine particle substances ncZse S °' Uble °^ ic Frac,i °"> contain* 
gases from current diesel engines in cL^s^ hLT^Z °T ™ fr ° m lh ° Se of e * ha ^ 

wh.ch „ suaabie for purification of exhaust * ^ P ^ « 



[Object of the Invention] 
Thus the 
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[Disclosure of the Invention] 



exhaXl\^^ *™ ° b i- a 'ata.yst ^ purification of an 

calls paralie. to the direction of flow of the gas ^erem^croS Tr T™* 3 havi " 9 
gas cut by a face vertica. to the direction ^LT^eZlVoTZ 1 in ' et ° f the exhaust 

liter of the displacement of the engine the hvdrau. EV,™ J V°° cm • P^'^ably 20 to 80 cm' per 



— venire 



m Generally, most of the components contained in SOF exist in a gaseous from at a temperature of 200 
C or more and exist in a form of liquid fine particles at a temperature of 200 ' C or less. Thus, in case that 
s- a flow-through type honeycomb catalyst having the same shape as that of a usual catalyst for purification of 
exhaust gases from gasoline engines Is used for purification of diesel engine exhaust gases, there arises an 
rnconvenience that when the catalyst is exposed to temperatures of 200 * C or less, accumulation of fine 
particle substances due to deposition of SOF takes place at the inlet part of the flow-through type 
honeycomb catalyst and thereby after lapse of long time the inlet part of the cells is completely blocked. 
w Once blockage takes place, gas amount passing through the cell decreases and performances of the 
catalyst is lowered, and moreover for the purpose of elimination of the blockage by the fine particle 
substances to regeneration of the catalyst operation conditions of the engine under high load and high 
revolution become necessary. However, it is difficult to appropriately obtain such high load and high 
revolution conditions under usual traveling, and it becomes more difficult under traffic snarls for a long time 
is in urban district areas. 

On the other hand, in case of the flow-through type honeycomb catalyst of the invention, when it is 
exposed to an atmosphere of diesel engine exhaust gas of 200 * C or less for a long time, blockage of the 
cells due to deposition of SOF does not take place, and moreover it Is possible for the catalyst to display an 
excellent efficiency of purification of harmful components under usually employed operating conditions. 
20 Flow-through type honeycomb catalyst of the invention must be one wherein its cross-sectional area at 
the Inlet part of the exhaust gas cut by a face vertical to the direction of flow of the gas (i.e. the direction of 
the through cells) is 10 to 100 cm 2 per iiter of the displacement of the engine. If the cross-sectional area is 
less than 10 cm 2 , back pressure increases in accordance with increase of linear velocity of exhaust gas 
passing through each through cell, and moreover the structure Is destroyed, for example, by collisions of 
25 the fine particle substances with the flow-through type honeycomb catalyst. On the other hand, if the cross- 
sectionaJ area goes beyond 100 cm 2 , SOF deposits owing to lowering of linear velocity of the exhaust gas 
passing through each through cell and as a result blockage of the cells increases. Further, catalysts having 
too large cross-sectionaf area are not practical because it is virtually difficult to Install them In exhaust pipes 
of diesel engines. 

jo . Another condition of the flow-through type honeycomb catalyst of the invention Is. as previously stated, 
that the hydraulic diameter of each cell through which an exhaust gas flows linearly must be 1.00 to 2.00 
mm. In case that the hydraulic diameter is smaller than 1.00 mm, when the catalyst is exposed to an^ 
atmosphere of a diesel engine exhaust gas of 200 *C or less, blockage of the cells due to deposit of SOF 
at the inlet part is liable to occur. On the other hand, in case that the hydraulic diameter exceeds 2.00 mm. 

35 purification performances of the catalyst is strikingly lowered mainly due to lowering of contact efficiency of 
the exhaust gas with the catalyst surface inside the cells, compared to the case wherein catalyst volume 
and open frontal area are identical and the hydraulic diameter is 2.00 mm or less. 

Still another condition of the flow-through type honeycomb catalyst of the invention is, as previously 
stated, that its percentage of open frontal area at the inlet part of an exhaust gas must be 40 to 95 %. If the 

40 percentage of open frontal area is less than 40 %. the geometrical surface area per unit volume the flow- 
through type honeycomb catalyst in contact with the exhaust gas is lowered, and thereby purification 
performances of the catalyst is lowered and at the same time back pressure increases. On the other hand*, 
if the percentage of open frontal area is beyond 95 %, the separation walls constituting the flow-through 
type honeycomb catalyst become thin and its adequate strength cannot be obtained. 

45 The flow-through type honeycomb catalyst of the invention may be an extruded catalyst or a deposited v. 
catalyst, but when installation thereof into diesel engine cars such as trucks is supposed, it is preferred that 
the catalyst is a structure having both strength and heat resistance, for example, a structure body consisting 
of a catalytically active component deposited on a honeycomb carrier. 

With regard to the honeycomb carrier, ordinary ones can be used, and preferred exmaples thereby are. 

so for exmaple, ceramic honeycombs using as their raw materials cordierite, mulllite. a-alumina, zironia. titania, 
titanium phosphate, aluminum titanate, spodumene, aluminosilicatge, magnesium silicate or the like; and 
metal honeycombs as monolithic structures using a heat resistant metal having oxidation resistance such as 
stainless steel or Fe-Cr-AI alloy. Particularly preferred among them are cordierite ceramic honeycomb and 
metal honeycombs. 

55 Although the shape (cell shape) of the through cells of flow-through type honeycomb catalyst is not 
restricted, hexagon, quadrilateral, triangle and corrugation type are preferred. 

Although catalytically active components in the flow-through type hoenycomb catalysts of the invention 
are not particularly limited, preferred exmaples thereof are platinum, palladium, rhodium, iridium, vanadium, 
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substituted type having oxygen vacancy. These catalytically active components can be used alone or in 
combination of two or more of them. However, in case of catalysts for use in purification of exhaust gases 
from d.esel engtnes using fuels having a sulfur content of 0.1 wt.% or more, It Is not desirable to use 
platinum as the catalyttcally active component. The reason Is that since platinum has a high oxidizing ability 
of sulfur cl.ox.de (SOa) in the exhaust gas. there is a fear that a large amount of sulfates (S0 3 and sulfuric 
ac.d m,st which are oxidized products of SO*) ar produced and thereby sulfur typ fine particles increase 

A flow-through type honeycomb catalyst of the invention in case of it being an extruded catalyst can be 
prepared by extrud.ng catalytically active component(s) as above-described together with refractory in- 
organic ox,de(s> such as columina. silica, titania. zirconia or zeolit into a flow-through type honeycomb 
structure for example by extrusion molding. A flow-through type honeycomb catalyst of the Invention in 
case of .t being a depos.ted catalyst can be prepared by depositing catalytically active component(s) as 
above-described directly or together with refractory inorganic oxide(s) on a honeycomb carrier as above- 
described. 



[Industrial Applicability] 

The catalyst of the- present invention for use in purification of harmful components in diesel engine 
exhaust gases, namely a flow-through type honeycomb catalyst characterized by that its cross-sectional 
area at the inlet part of the exhaust gas cut by a face vertical to the direction of flow of the gas (i e the 
direction of the through holes) is 10 to 100 cm*, preferably 20 to 80 cm* per liter of the displacement of the 
engine, the hydraulic diameter of the through cells is 1.00 to 2.00 mm, preferably 1.10 to 1 40 mm and 
percentage of open frontal area at the inlet part of the exhaust gas is 40 to 95 %, preferably 50 to 85 % 
does not cause blockage of the cells due to deposition of SOF even when the catalyst is exposed to an 
atmosphere of a diesel engine exhaust gas of 200 ' C or less for a long time; and moreover makes it 
poss.ble that its excellent harmful component-purifying performance is displayed with good reproducibility 
over a long time under usual driving conditions of diesel engines. 

Further, although many of harmful components such as PAH (Poly Nuclear Aromatic hydrocarbon) 
which is said to be a carcinogenic substance in the fine particles are contained in SOF, the catalyst of the 
invention can make these substances harmless. 



[Best Mode for Performing the Invention] 

35 

The present invention is further described in detail below according to examples and comparative 
examples, but it goes without saying that the invention is not limited to these exmaples. 

40 , Exam Pte 1 

Alumina (3 kg) having a specific surface area of 130 m 2 g was weighed and wet-pulverized together with 
water to give a slurry. A cylindrical frow-through type stainless steel honeycomb carrier (diameter 140 mm. 
length 150 mm. cell shape corrugation type, having 300 through cells per 1 in. 2 ) was immersed in the 
45 slurry. The excess of the slurry was removed, and it was dried at 150 ' C for 2 hours and calcined at 500 
C for 2 hours to obtain a structure depositing 150 g of alumina per liter of the structure. 

This alumina-deposited structure was immersed in 2.5 1 of a solution obtained by dissolving palladium 
nitrate containing 19.2 g of palladium and rhodium nitrate containing 3.8 g of rhodium in deionized water. 
The excess of the solution was removed, and the carrier was dried at 150 "C for 2 hours and calcined at 
so 500 C for 2 hours to obtain a flow-through type honeycomb catalyst deposited with 1.0 g of palladium and 
0.2 g of rhodium respectively in terms of metal per liter of the structure. 

This flow-through type honeycomb catalyst had an hydraulic diameter of the through cells of 1.27 mm ' 
and a percentage of open frontal area of 84 %. 



55 



Examples 2 to US and Comparative examples 1 to 9 

Predetermined amounts of alumina were deposited on various cordierite honeycomb carriers (cell 
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ff hydraulic diameter of the through cells, percentage of open frontal area, amount of the alumina deposited 
and geometrical surface area in respect of the flow-through type honeycomb catalysts obtained using these 
carriers. 
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[Initial test] 



Exhaust amount of fine particle substances in the exhaust gas at the inlet and outlet under the 

* IxZTLl^r reV ° ,UUOn SPSed ° f 2 - 5 °° rpm " 3 torque 1 10 3 • ^tur a he 

SJ? « rt > J ♦ W3S m9aSUred by the di,ution tunnel m8thod - and Purification percentage (%) of the 
tfl P n n rn?* pBS K WaS ^termlned therefrom. Further, content of gaseous hydrocarbon (THC) and 

Zlnh?! ^ ( J J • Converslon rate ( % > of °0 «nd back pressure (mm H 2 0) due to the flow- 
through type honeycomb catalyst were determined therefrom 

20 

[Durability test in idling] 

enai™ ^L'™ ,* I? f, °^ r ° Uah type h ^eycomb catalyst was carried out under the conditions of an 

t r , P d ° f 800 rpm ' 3 t0rque ° f 10 kgm and a cata, V st inlet 'emperature of 80 'c. 30 

aZl l T^T^ ^V™* 01 thS Cat3,ySt at ,he inl8t part was observed - and rate of the cells which 
came to be blocked (blockage percentage (%)) was determined by the following equation: 

Blockage percentage (%) = 

(1 - ft** 1 nuntoer °f ope n cells after the durab ility test , 

total number of open cells before the durability test* x 100 

35 fe !f l,° f ! 0ra90in 9 [ |nitial tes « 3011 [Durability test in idling] were indicated in Table-2 (Examples |. to 

1 6) and Table-3 (Comparative examples 1 to 9). 
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Claims 



1. A catalyst for use in the purification of an exhaust gas from a diesel engine which catalyst is a flow- 
through type honeycomb catalyst having through cells parallel to the direction of flow of the gas. wherein 
the cross-sectional area of a face vertical to the direction of flow of exhaust at the inlet for exhaust gas is 10 
to 100 cm 2 per liter of the displacement of the engine, the hydraulic diameter of the through cells is 1.00 to 

w 2.00 mm, and percentage of open frontal area at the inlet for exhaust gas Is 40 to 95%. 

2. A catalyst according to claim 1 wherein said cross-sectional area is 20 to 80 cm 2 p r liter of the 
displacement of the engine, the hydraulic diameter is 1.10 to 1.40 mm. and the percentage of open frontal 
area is 50 to 85%. 

3. A catalyst according to claim 1 or 2 wherein the flow-through honeycomb catalyst is one wherein at 
rs least one catatytically active component is deposited on a metal honeycomb or ceramic honeycomb. 

4. An exhaust system for a diesel engine comprising a catalyst as claimed In claim 1, 2 or 3. 

5. Use of a catalyst as claimed in claim 1. 2 or 3 In the purification of an exhaust gas from a diesel 
engine. 
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